In turbine engines the contact between blades and disk may be subjected to fretting fatigue or fretting wear. This is due to the centrifugal force acting on the blade, which causes a relative displacement of the contacting surfaces producing either mixed stick-slip or gross slip.
INTRODUCTION
In turbine engines the contact between blades and disk may be subjected to fretting fatigue or fretting wear. This is due to the centrifugal force acting on the blade, which causes a relative displacement of the contacting surfaces producing either mixed stick-slip or gross slip.
The titanium alloy Ti-6Al-4V is used for both disk and blades because of his high mechanical properties and his low density. However its poor tribological properties require using it with coating surfaces and solid lubricant. The choice of such surface treatments has been widely investigated. On the other hand the predicted life of the contact surfaces and the influence of the micro and macro geometries on it, is not yet successfully completed. An interesting way to do it is to study wear kinetics by numerical simulations. To obtain realistic simulation results, two key points are required:
i. an accurate wear law, and ii.
a fast and robust three-dimensional contact computation tool. This paper displays a different methodology to predict and study the wear of fretting surfaces. The aim of the tool that is presented here is to predict the distribution of fretting wear on rubbing surfaces with up to 512x512 points in the contact area, with a wear model derived from the work of Fouvry and coworkers [1] . The paper details the contact solver and the wear prediction method. Results obtained on elementary geometries are shown.
CONTACT AND WEAR MODEL OUTLINE
According to Fouvry et al., wear can be related to the local energy density, explicitly to the product of the shear stress by the local sliding distance. Variables that must be known to calculate the shear work are then the pressure distribution, the friction coefficient, and the sliding distance.
A tool using a fast semi-analytical method to compute the contact pressure is developed. It allows the estimation of cyclic wear by updating the body separation, i.e. the contact geometry, through a computation of the wear depth after each loading cycle and according a given wear law.
The gross slip contact configuration does not require the resolution of the slip repartition, since it is homogenous in the contact area. The action of tangential loading upon the normal surface displacement can also be neglected for such a configuration [2] . For that reason a contact solver that solves the normal contact problem is adequate. Shear stresses are obtained assuming a uniform Coulomb friction coefficient.
The contact solver is based on the algorithm originally proposed by Kalker [3] to determine the pressure distribution between elastic half-spaces normally loaded. In this article the contact problem is solved with the Conjugate Gradient Method (CGM) scheme proposed earlier by Polonsky and Keer [4] and modified to assume an elastic perfectly-plastic response of the material through the use of a contact pressure threshold. CPU time is optimized using DC-FFT acceleration technique similar to the one developed by Liu [5] .
This contact simulation tool cannot predict slip neither the position of contact pressure center (point of zero momentum due to contact load), since both data depends upon the stiffness of the system, which is not accounted for. These data are considered to be known and constant along the cyclic wear process and can be obtained, for example, by means of a previous FEM computation. However, the semi-analytical code is developed to enforce the position of the contact pressure center by introducing a misalignment between the surfaces.
SIMULATING A FRETTING TEST Description
Numerical simulations presented in the paper correspond to the experimental investigations of Fouvry et al. [1] . It consists of fretting tests with a cylinder sliding against a plane made of Ti-6Al-4V alloys. An alternating tangential displacement δ is imposed to the cylinder while maintaining constant the normal load P. A gross slip regime is assumed. The tangential displacement δ o of the contact center is the variable which is considered to quantify wear.
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-The friction coefficient µ is assumed constant all over the cycles. -The local sliding displacement s at each contact point is identical and equal to δ o .
-The shear stress is q=µ×p, where p is the contact pressure, and µ the friction coefficient. -The energy density dissipated by friction is calculated on the cylinder (i.e. the moving part) which means that the cylinder is the only body where wear takes place. A local formulation of the wear law presented in [1] is adopted and introduced in the wear prediction solver: The geometry is updated every ∆N cycles adding, the wear depth computed until the current cycle. to the body separation.
Simulations
Several simulations are presented to investigate the influence of various parameters and to demonstrate the benefits of the proposed approach. Parameters that have only a proportional effect over the results, such as γ, δ o , and µ, will be kept constant.
The resulting worn geometry after 200,000 wear cycles for a reference configuration is given Fig. 1 . The evolution of wear is detailed in the graphs of Fig. 2 in terms of wear depth, worn profile and contact pressure history along the axes of symmetry.
It can be observed that the pressure distribution evolves naturally through a flat profile, i.e. with a homogeneous wear increment within the contact zone since the wear law used in our case is proportional to the contact pressure. The effect of a shift of the pressure center is now presented. The corresponding wear profiles are plotted in Fig. 3 . The effect of a 0.1mm shift (6% of the contact size) on the wear profile is significant, and results in a variation of wear in the range of 10% between both edges of the contact zone, despite a relatively low torque produced by this offset, i.e. 0.04N.m only. It confirms that the application point of the load is an important data of the problem that should not be neglected. 
